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(54) Molliod fbr calibration and measurement In a micfo-dlaiysis system 

(57) A nwthod for calibration and measurement of a 

micro-dialysis system, oomprising one sensor (14, 16). 
is described. Measurement times in micro-dialysis tend 
to be long, since concentration equilibrium at the meas- 
urement probe is necessary The method is de\^sed to 
enable calibration and measurement to be performed 
with two dialysates with differing anatyte contents in 
order to fadlrtate measurement with no need to wait for 
oon^riete equilibrium. 
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Description 

[0001] The present inventian relates to a niethod for 
calibration and measurement in a micro-dialysis system 
according to tlie preamble to daim 1 . 
[0002] The present invention also relates to a 
micro-dialysis system according to the preamk)le of 
claim 4. 

[0003] bn micro<]ialysi8 a measurement probe is 
inserted into the measurement area, usually a part of a 
patient's body. The measurement probe contains a dla- 
lysate that. Ihrot^h a permeable part of the measure- 
ment probe, accepts substances diffusing out of the 
measurement area. The substances can consist of e.g. 
oxygen ions in blood. The dialysate is subsequently car- 
ried to a sensor for measuring the diffusing sut>stance. 
This proNrides a measure of a speciTic parameter In the 
measurement area, e.g. the blood gas value for oxyg^. 
[0004] One problem in this procedure is to ensure 
that the sensor measures a relatively correct value. If 
the sensor does not measure a direct value, it should be 
possible to at least calculate the correct value. 
[0005] In principle, two factors have a predominant 
impact on sensor accuracy: the measurement praise's 
recovery ability and the sensor's signal drift 
[0006] Recovery ability R is defined as 

""7? 

^fmesuremenl area 

Where C stands for the concentration of the diffusing 
substance (in the dblysate and measurement area 

respectively). 

[0007] Recovery ability depends, in turn, on factors 
such as temperature, the material the measurement 
probe is made of, the flow of dialysate and convection 
around the measurement probe. Several of these fac- 
tors vary with time, and the system must operate very 
slowty. or recovery must be monitored in some way, to 
assure 100% recovery between each measurement. If 
recovery is monitored, a calculation can be made to 
compensate for measis'sments made t>efbre 100% 
recovery has taken place. 

IPOOQ One objective of the invention is to achieve a 
method for micro<iialy8is which resolves the aforemen* 
tioned prot)lems. 

[0009] Another objective of the invention is to 
achieve a micro<lialysis system capable of performing 
measurements more rapidly and accurately than known 
microdiaiysis systems. 

[0010] The first objective is achieved aocorcfing to 
the invention when the method is devised with the 
method steps that are evident from the characterising 
part to claim 1. 

[0011] Advantageous embodiments of the method 
are evident from the dependent daims to dannl . 
[0012] A more effltetive analysis melhod can be 



employed when two dialysates. with differing analyte 
contents in respect to the parameter to be identified, are 
used. The two dialysates are employed in such a way 
that calibration and measurement are peribrmed with 

5 one dialysate at a tima The first dialysate is used at 
appropriate inten^ls, preferably for every second cali- 
bration and measurement. The second dialysate is 
used for the remaining calibrations and measurements. 
[P013] 100% recovery is then no k)nger necessary, 

10 since twoiM)intcalft)ratk)n of the sensor becomes pos- 
sible. This, combined with utilisab'on of the three most 
recent measurements fbr determining the measurement 
value, two calibrations and the actual measurement 
[P014] The second objective is achieved according 

75 to the inverrtk)n when the micro<lialysis system is 
devised as Is evklent from tfie characterising part to 
daim 4. 

(Q01 5] The micro-dialysis system is devised to ena- 
ble two dialysates to be used alternately in some suita- 
20 ble fashion for pwforming the method desaibed above. 
10016] The method and the mk^oifialysis system 
according to the invention wHI be described bek>w in 
greater detail, refen-ing to the fdkywing figures. 

2s FIG. 1 is a diagram illustrating the course of recov- 
ery for two dialysates; 

FIQ. 2 is a schematic depiction of a fffst entodf- 
ment of a measurement cassette in a nvcro-dia^sis 
30 system accofding to the invention: and 

FIG. 3 is a schematic depiction of a second embod- 
iment of a measurement cassette In a mkm-dialy- 
sts system according to the inventk>n. 

55 

[0017] In mIcro-cGalysis. a measurement probe is 
inserted irrto a measurement field, as a rule by invasive 
introc&iction Into a patient A typical example of this is 
insertk)n into a patient's vein or artery for the purpose of 

40 measuring btood gases. The measurement probe is 
faied with a dialysate. Gas molecules, e.g. oxygen. In 
the measurement probe's surroundings diffuse into the 
measurement probe. When equilbrium has been 
reached, the concentratk)n of the gas mdecules in the 

4S measurement area can be measured by measuring the 
concentration in the dialysate. Measurement is per- 
formed by a sensor. 

[0018] As is the case with most types of measure- 
ment equipment the mk:ro-dialysis system is subject to 

so signal drift which can lead to erroneous mea^ement 
results. Two factors are mainly found in micn>dialysis 
systems. Signal drift in the sensor, and the measure- 
ment probe's recovery tinrte. 
[0019] Signal drift In the sensor can be remedied 

55 with recunent calibration during operations. Calibratton 
must then be peribrmed at a known concentration. 
10020] Recovery time for the probe more com- 
plex. In concrete terms, this means that concentration 
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equiiibrlum must be oomplete before the diafysate can 
be sent from the probe to the sensor A number of fac- 
tore affect this. The temperature, the material the meas- 
urement probe is made of. the flow of dialysate. 
oonvectkMi in the measurement area etc. A plurality of 
these factore also (^ange over tima All told, this means 
that the micro-dialys^ system must normally operate 
slowly to keep measurement results from being conrt- 
promised. 

[0021] This problem is solved with the present 
invention t)y utilisation off two dialysates with different 
analyte contents. These dialysates are employed in 
achieving two-point calibration of the sensor. 
[0022] The dialysates are utilised alternately. I.e. 
first calibration and measurement with one dialysate 
and then calibration and measurement with the other 
dialysate. When the last two calibrations are utilised 
with the latest measurement, con-ect measurement val- 
ues can be obtained with no need to take the measure- 
ment probe's recovery time into account. 
1002^ Fia 1 is a (fiagram showing ooncentratkm 
cunres for a first dialysate 2 and a second dialysate 4. 
The y axis shows the concentratk)n. and the x axis 
shows the time in minutes. With the designation Ci for 
the concentration of the first dialysate. C2 for the con- 
centration of the second cfialysate and Cx for the con- 
centration in the measurement area, the fbltowing 
relationships can be established for the ooncentra- 
tk)ns*8 variation in the measurement probe: 

Cix = Ci+(C,.Ci)(1-e*"*) II] 
C2x«C2+{C,-C2)(l-e'"*) Rl 



[0024] a is a diffusion constant and t designates the 
time. At tinfie zero the respective dialysate 2. 4 has an 
opening ooncentratkm of and C2 respectively. The 
cortcentration then decreases (for the first dialysate, 
corresponding to Cix) and increases (for the second 
dialysate. corresponding to C2x) exponentially with time, 
achieving after about 5 minutes the ooncentratkm Cx (at 
which equilibrium prevails) of the surroundings (meas- 
uremMarea). 

(002q It shouU be emphasised that the diagram 
shows a concrete example of the variation in concentra- 
tion. The time elapsing until equilibrium occurs can 
therefore vary oonaderably depending on the circum- 
stances. 

[0026] A reasonatie assunption is that the sensor 
displays, or can be made to dis|3lay, a finear correlation 
between the concentration and output voltaga When 
calibrations are at least perfbrnrred with the same dia- 
lysate flow, the corresponding chronologk»l course will 
take place in the measurennent probe, it is also reason- 
able to expect tfte time oonstant, tenperature and other 
fectors not to change drastically. They can therefore be 



viewed as constants ov^ at least two calibration proce- 
dures. 

01027] The equations [1] and ^ then only contain 
two unknowns, viz. the diffusion oonstant a and the 
5 equilibrium concentration Cx. These equations can 
them be merged to fc>rm the following relationship: 

10 

[0028] The output signals from the sensor are volt- 
ages and can be designated U^x end for unknown 
concentrations (11^ » obtained for tiie first dialysate at 
IS the concentration C^ and U2fbr C2). With ttie aforemen- 
tioned assumptions that the sensor displ^ a linear 
correlation and that ttie parameters can be regarded as 
constants over short Intervals, the folkiwing transfer 
function is obtained fdr the sensor^ output signal: 

20 

U-i^, + ^^(C-Ci) [41 

2S [0029] Wittitus transfer function, equations [1 land 
can be expressed as: 

^u-0,^^^(U,,-U,) [Si 

30 ^ 
3S 

[0030] Utili8atk>n of the equations [3], I5i and [6] 
makes it possft}le to calculate the unknown concentiB- 
tion Cx of a sample from ttie known concentrations C^. 
C2 in the dialysate. the two calibrations U^. U2 and ttie 

40 two measurements Uix. ikx- 

[0031] The system ttierefore automatically compen- 
sates for all slow signal drifting. 
[0032] Constant utilisation of preceding measure- 
ments results in a faster system, relatively speaking. 

4$ (Two measurements and two calibrations are only 
required Irtitially before calculations can start as above.) 
(P033} FIG. 2 schematically depicts a measurement 
cassette 6 in a ntiao-dialysis system in which measure- 
ment is peribrmed in the measurement cassette 6. 

so [0034] A dialysate from a measurement probe (not 
shown) enters ttie measurement cassette 6 for meas- 
urement ttirough a first Inlet 8. At ttie same time, dia- 
lysate sent to the measurement probe ttirough a f irst 
outtetlO. The dialysate is sent to a test chamberl 2 ar^ 

55 comes Into contact wrtti a first sensor 1 4 and a second 
sensor 16 for ag. determination of ttie concentration of 
oxygen ions in ttie dialysate. 
[QOSq The fkjw to and from ttie measurement 
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probe can be stopped with a first valve 1 8 and a second 
valve 20. The measurement probe should be devised to 
enable dialysate to flow In both directions. La not only in 
through the Inlet 8 and out through the outlet 10 but the 
reverse as well. 

[0036] A first calibration dialysate can be fed into 
the measurement chamber 12, through a second inlet 
22. for calibration of the sensors 14, 16 at a first specific 
oonoentration. The first calibration dialysate can be car- 
ried out of the measurement cassette 6 through a sec- 
ond outlet 24. 

[0037] The flow of the first calibration dialysate can 
be stopped with a third valve 26 and a fourth valve 28. 
[0038] In the corresponding fashion, a second cali- 
bration dialysate can be fed into the measurement 
chamber 12. through a third inlet 30. fbr calibration of 
the sensors 14, 16 at a second specific concentration. 
The second calibration dialysate can be carried out of 
the measurement cassette 6 through a third outlet 32. 
[0039] The flow of the second calibration dialysate 
can be stopped with a fifth valve 34 and a sixth valve 36. 
[0040] During operation the first calibration dia- 
lysate is first carried to the measurement chamber 12 
for a first calibration of the sensors 1 4. 1 6. An amount of 
the first calibration dialysate. which is also sufficient to 
fill the measurement probe, must also be supplied. The 
sensors 14, 16 are calibrated thereupon. 
[0041] After a certain amount of time, the first cali- 
bration dialysate can be recovered from the measure- 
ment head fbr measurement of the unknown 
concentration. 

[0042] In the corresponding manner, the second 
caribration dialysate is then carried into the measure- 
ment chamber 12 and the measurement prdbe fbr a 
second calibration and measurement. 
[0043] The determination procedure has already 
been described above. 

[0044] FIG. 3 shows an alternative design for the 
measurement cassette 6 in a second embodiment The 
same designations are used Ibr identical connponents. 
The measurement cassette 6 conprises a first inlet 8 
and a first outlet 10 which leads to a measuranent 
chanter 12 in the measurement cassette 6. Sensors 
14, 16 are arranged in the measurement chamber to 
measure concentration. A first valve 18 and a second 
valve 20 can stop flow in the measurement probe. 
[0045] Af irst calibration dialysate from a first source 
40 or a second cal3)ration dialysate from a second 
source 42 can be added through a second inlet 38. Dia- 
lysate is returned to the respective source 40. 42 
through a second outlet 44. 

[0046] Switching to the respective dialysate and 
control of flow through the measurement chamber 12 is 
by means of a third valve 46. a fourth valve 48. a fifth 
valve 50, a sixth valve 52. a seventh valve 54 and an 
eighth valve 56. 



Claims 

1. A method fbr calibration and measurement of a 
micro-dialysis system, comprising a sensor, char- 

5 acterised in that calibration and measurement ar 
performed with two dialysates containing different 
analytes. 

2. The method according to daim 1 , characterised In 
10 that each measurement of a specific sensor param- 
eter is preceded by no more than one calibratfon 
measurement using one of the dialysates, the two 
dialysates being alternately utilised according to a 
predefined pattern, a pattem controlled by certain 

75 criteriaorbyacomk)inationof thetwa 

3. The method according to daim 1 or 2. character- 
ised in that every other calibration measurement is 
perfonned with the respective dialysate. 

20 

4. The method according to any of the above claims, 
characterised in that determination of the parame- 
ter is made from measurement of the parameter 
and the two preceding calibration measurements. 

25 

5. A micro-dialysis system comprising at least one 
sensor (14, 16) and a first dialysate intended for 
calibration of the sensor and measurement of one 
parameter in a measurement area to which the sys- 

30 tern is connected, characterised in that the system 
comprises a second dialysate and is devised to per- 
form the method according to any of claims 1-4. 
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